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Attention deficit hyperactivity disorder (ADHD) is the most common neuropsychiatric 
disorder of childhood and constitutes approximately 50% of referrals to child and adolescent 
mental health clinics. The disorder is associated with negative impact on families and 
both academic and vocational outcomes. Estimated prevalence is approximately 3%-
7% in school-age children according to the Diagnostic	and	Statistical	Manual	of	Mental	
Disorders,	 Fourth Edition, Text Revision (DSM-IV-TR), published by the American 
Psychiatric Association in 2000, but rates of ADHD vary depending on race and ethnicity, 
gender, and age. Diagnostic rates are on the increase with accompanying financial burden 
to health care services.
Diagnostic features
The main diagnostic features of ADHD are age inappropriate symptoms of inattention, 
motor restlessness and impulsivity. According to the DSM-IV the diagnostic criteria for 
ADHD are the following:
A. Either (1) or (2):
(1) Symptoms of inattention (six or more of the following symptoms must have persisted 
for at least 6 months to a degree that is maladaptive and inconsistent with developmental 
level)
(a) often fails to give close attention to details or makes careless mistakes in 
schoolwork, work, or other activities
(b) often has difficulty sustaining attention in tasks or play activities
(c) often does not seem to listen when spoken to directly
(d) often does not follow through on instructions and fails to finish schoolwork, 
chores, or duties in the workplace (not due to oppositional behaviour or failure 
to understand instructions)
(e) often has difficulty organizing tasks and activities
(f) often avoids, dislikes, or is reluctant to engage in tasks that require sustained 
mental effort (such as schoolwork or homework)
(g) often loses things necessary for tasks or activities (e.g., toys, school assignments, 
pencils, books, or tools
(h) is often easily distracted by extraneous stimuli
(i) is often forgetful in daily activities
(2) Symptoms of hyperactivity (six or more of the following symptoms must have 
persisted for at least 6 months to a degree that is maladaptive and inconsistent with 
developmental level)
(a) often fidgets with hands or feet or squirms in seat





(c) often runs about or climbs excessively in situations in which it is inappropriate 
(in adolescents or adults, may be limited to subjective feelings of restlessness)
(d) often has difficulty playing or engaging in leisure activities quietly
(e) is often “on the go” or often acts as if “driven by a motor”
(f) often talks excessively
Symptoms of impulsivity
(g) often blurts out answers before questions have been completed
(h) often has difficulty awaiting turn
(i) often interrupts or intrudes on others (e.g., butts into conversations or games)
B. Some symptoms of hyperactivity/impulsivity or inattention that caused impairment 
were present before age 7 years.
C. Some impairment from the symptoms is present in two or more settings (e.g., at
     school [or work] and at home).
D. There must be clear evidence of clinically significant impairment in social,
     academic or occupational functioning.
E. The symptoms do not occur exclusively during the course of a Pervasive
     Developmental Disorder, Schizophrenia, or other Psychotic Disorder and are not
     better accounted for by another mental disorder (e.g., Mood Disorder, Anxiety
     Disorder, Dissociative Disorder, or a Personality Disorder).
The DSM-IV delineates three subtypes of the disorder according to the level of 
presenting symptoms; ADHD	Combined	Type if 6 or more symptoms of both inattention 
and hyperactivity/impulsivity symptoms have been present for the past 6 months, ADHD	
Predominantly	 Inattentive	 Type if only 6 or more symptoms of inattention have been 
present for the last 6 months,	ADHD	Predominantly	Hyperactive-Impulsive	Type	if only 6 
or more symptoms of hyperactivity/impulsivity have been present for the last 6 months.
Gender differences
Epidemiological studies have shown that ADHD is more prevalent in males than 
in females. The male-to-female ratio is greater in clinic based samples (9:1) than 
in community based (2:1). Most studies in the past have relied on male subjects and 
identification of girls with ADHD has been hampered by parental and teacher bias, and 
confusion. Studies have shown that there are some cultural variations in how ADHD 
symptoms and associated problems are assessed with respect to gender. Girls are more 
likely to be inattentive without being hyperactive or impulsive, compared to boys (Staller 
& Faraone, 2006). There may be less gender differences in the Predominantly	Inattentive	
Type	than in the other two subtypes. Chapter 2 of this thesis examines gender differences 
in ADHD symptoms and associated problems in a normal Icelandic school sample. This is 
the first study to assess these disorders in an Icelandic normal sample using the Behavior 
Assessment System for Children (BASC). 
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Comorbidity
ADHD is often associated with other disorders. Approximately half of clinic-referred 
children with ADHD also have problems associated with aggression (oppositional defiant 
disorder (ODD) or conduct disorder (CD)). Internalizing problems are also common, 
with approximately 25% or more of ADHD children suffering from mood and anxiety 
disorders, and at least 20% to 25% meet criteria for a learning disorder (Barkley, 1998; 
Biederman, 2005; Pliszka, 1998).
All three subtypes of ADHD are associated with significant impairment but in differing 
degrees. Academic deficits and school-related problems are mostly associated with the 
types with inattention problems (the Predominantly	Inattentive	Type and the Combined	
Type). Peer rejection and accident proneness are more associated with hyperactive/
impulsive symptoms (Hyperactive-Impulsive	 and Combined	 Types). Children with the 
Predominantly	 Inattentive	 Type tend to be socially passive and seem to be neglected 
rather than rejected by peers. Research during the last three decades has tended to rely on 
the Combined	Type of ADHD. As a result more studies of the Inattentive	Type have been 
called for, especially since it might include a higher proportion of girls, than the subtypes 
with hyperactivity/impulsivity (National Institutes of Health, 1998). 
Sleeping disorders are a frequent comorbidity in children with ADHD and used to be a 
diagnostic criterion in previous versions of the DSM (American Psychiatric Association, 
1980). It has been estimated that as many as 25% to 50% of children and adolescents with 
ADHD have sleep problems compared to 7% of normal controls. ADHD children have 
been shown to have more movements during sleep and to have a more unstable sleep-
wake system than normal children. They have also been shown to spend less time in rapid 
eye movement (REM) sleep than other children. Many studies have shown that sleep 
fragmentation has a negative effect on neurobehavioral functioning. Recent studies have 
indicated that the system that is the most sensitive to sleep deprivation, sleep disorders, or 
reduced alertness, is executive control, which is mainly located in the prefrontal cortex. 
Of note is, that methylphenidate treatment has been found to increase sleep disturbances 
in children with ADHD (Schwartz, 2004).
It has been argued that the most parsimonious approach to diagnosing comorbidities 
in ADHD is by using rating scales that have broad coverage of symptoms (Pelham et al., 
2005).
The role of executive functions in ADHD
In spite of decades of research, the causes of ADHD are still unknown. Twin, adoption, 
and molecular genetic studies have shown it to be highly heritable, and evidence from 
animal and human studies implicates the dysregulation of frontal-subcortical-cerebellar 
catecholaminergic circuits in the pathophysiology of ADHD. Several neuropsychological 
theories of ADHD have been proposed. One of the most prominent suggests that 




“neurocognitive processes that maintain an appropriate problem-solving set to attain a 
later goal”. Russell Barkley (1997) has argued that the various deficits observed in ADHD, 
including apparent attention problems, are caused by one main feature: Impairment in the 
development of delayed responding, or response inhibition. He has put forth a theory that 
specifies that behavioural inhibition facilitates the effective performance of four EFs: 
Working memory, internalization of speech, self-regulation of affect-motivation-arousal, 
and reconstitution (behavioural analysis and synthesis). These four EFs influence the 
motor system in the service of goal-directed behaviour and originate within the brain’s 
motor system (prefrontal and frontal cortex). The prefrontal cortex and its connections 
with the striatum play an important role in EFs. One of the EFs purported to be deficient 
in ADHD according to Barkley’s model, i.e. working memory, is also deficient in other 
common childhood disorders, including specific language impairment (SLI). Since 
ADHD is highly comorbid with SLI and the core problem in SLI is considered to be 
deficient verbal working memory, the main goal of Chapter 3 is to examine what impact 
comorbid SLI has on both verbal and spatial working memory in children with DSM-IV 
Combined	Type ADHD. 
Diagnostic procedures
The American Academy of Pediatrics (AAP) has developed clinical practice guidelines 
for the diagnosis of ADHD in children aged 6-12 years old (AAP, 2000). These guidelines 
emphasize: 1) the use of explicit criteria for the diagnosis using DSM-IV criteria; 2) the 
importance of obtaining information regarding the child’s symptoms in more than one setting 
and especially from schools; and 3) the search for coexisting conditions that may make 
the diagnosis more difficult or complicate treatment planning. Procedures conventionally 
used in the diagnostic process of ADHD include 1) parent and teacher ratings of ADHD 
symptoms, 2) an in-depth diagnostic interview with parents and 3) a clinical assessment of 
the child involving an interview and/or psychological evaluation. A recent article (Pelham et 
al., 2005), examining evidence-based practices for ADHD, concluded that the most efficient 
assessment method is obtaining information through parent and teacher rating scales. It was 
also concluded that no incremental validity or utility was conferred by structured interviews 
when parent and teacher ratings are utilized. It was argued that DSM diagnoses per se have 
not been shown to have treatment utility, so minimal time and expense should be spent on the 
diagnostic phase of assessment, but more resources focused on other aspects of assessment, 
especially treatment planning.
To date there is no consensus on which rating scales and which psychological tests should 
be used in the evaluation of ADHD symptoms. Studies have furthermore shown that generally 
there is little agreement between the various measures used to assess the main constructs in 
ADHD that is inattention, hyperactivity and impulsivity. In Chapter 4 the relationships 
between parent and teacher ratings of ADHD symptoms and associated problems and 
performance on tests of EF, intelligence and language development, were examined. 
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Treatment
Stimulant drug therapy is the most frequently used and the most effective therapy 
known today for ADHD. The limitations of stimulant drug therapy are that although it 
helps 65% to 75% of ADHD children, there are many nonresponders, there are some side 
effects, there is an abuse potential, there are wear-off or rebound effects, it may increase 
sleep disturbances, and many parents are reluctant to give their children drugs. While 
short-term trials of stimulants have shown beneficial effects on the defining symptoms 
of ADHD and associated aggressiveness, findings consistently show that in spite of 
improvement in the core symptoms, there is little improvement in academic achievement 
or social skills (National Institutes of Health, 1998). In view of these limitations, it is 
of utmost importance to seek and develop safe alternative nonpharmacological types of 
stimulations for ADHD. One way of stimulating the central nervous system externally is 
by using peripheral electrical nerve stimulation applied to the skin. In the past decades, 
the effects of peripheral electrical stimulation in Alzheimer’s disease (AD) have been 
studied in a series of placebo-controlled experiments. Improvements were found in certain 
aspects of cognition, behaviour, and the rest-activity rhythm. In Chapter 5 the results of 
a study on the effects of peripheral electrical stimulation on symptoms of ADHD are 
presented.
Summary and aims of this thesis
ADHD is the most commonly diagnosed neuropsychiatric disorder of childhood, 
constituting about half of all referrals to child and adolescent mental health clinics. It 
impairs educational and vocational endeavours and has lasting effects into adulthood. 
Diagnostic rates are on the increase with accompanying increase in medical prescriptions 
causing enormous financial burden to health care services. Etiology is not known at this 
time in spite of vigorous research during previous decades. Studies have shown that 
there are important differences in symptomatology as a function of comorbidity and 
gender. The most common comorbidities are related to aggression and language based 
learning problems. Subtypes differ with respect to comorbidity. Hyperactive/impulsive 
symptoms are mostly associated with aggression while inattentive symptoms are mostly 
related to learning problems. There are gender differences that vary according to culture, 
community or clinical settings. Boys are much more numerous than girls in clinical 
samples, but to a lesser degree in community samples. Boys have generally been shown 
to have higher rates of hyperactivity/impulsivity and aggressive symptoms while there is 
less gender difference in inattentive symptoms and learning problems. There is to date 
no consensus on which instruments to use in the diagnostic process of the disorder and 
there is little agreement between the various measures used to assess ADHD symptoms. 
The most common and effective therapy is stimulant medication, which does not help 
everyone, has some side effects, and is not an option for many parents. In view of this 




diagnostic measures used are refined and specific and that additional therapeutic methods 
are sought. 
In summary, this thesis tried to expand on previous knowledge of the subject by 
examining: 
1) To what extent normal Icelandic girls and boys differ with respect to 
ADHD symptomatology and associated features as rated by parents 
and teachers (Chapter 2).
2) The impact that comorbid specific language impairment (SLI) has on 
working memory in ADHD (Chapter 3).
3) To what extent neuropsychological and behavioural measures of ADHD 
symptoms agree (Chapter 4).
4) The effects of transcutaneous electrical nerve stimulation (TENS) on
 cognition, behaviour and the rest-activity rhythm in children with
                       ADHD (Chapter 5).
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